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[DOCUMENT NAME] SPECIFICATION 

[TITLE OF THE INVENTION] DRIVE TRAIN FOR HYBRID VEHICLE 
[ CLAIMS ] 

[CLAIM 1] A drive train for a hybrid vehicle comprising: 
an engine; 

a motor having a stator and a rotor; and 

a transmission transmitted a driving force from the engine and the 
motor; 
wherein : 

the rotor is supported by an output shaft of the engine and an input 
member of the transmission. 

[CLAIM 2 ] The drive train for a hybrid vehicle according to claim 1 wherein: 
the rotor has a shaft portion on a rotational center thereof; and 
the shaft portion of the rotor is supported by the output shaft of 

the engine based on that the shaft portion is contacted with the output 

shaft in an axially narrow area thereof. 

[CLAIM 3] The drive train for a hybrid vehicle according to claim 2 further 
comprising : 

an aperture portion formed in an end portion of the output shaft of 
the engine; and 

a convex portion formed in the axially narrow area on a radial outer 
surface of the shaft portion of the rotor; wherein: 

the shaft portion of the rotor is supported by the output shaft based 
on that the shaft portion is inserted into the aperture portion and the 
convex portion thereof is contacted with the output shaft. 
[CLAIM 4] The drive train for a hybrid vehicle according to claim 1, 2 
or 3 wherein: 

the transmission has a fluid transmission unit having a turbine runner, 
a pump impeller and a cover as the input member which is arranged so as 
to cover the turbine runner and the pump impeller; and 
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the rotor is supported by a portion of the cover opposed to the rotor 
on a radially outer side of the cover. 

[CLAIM 5 ] The drive train for a hybrid vehicle according to claim 4 wherein: 
the fluid transmission unit has a center piece on a rotational center 

thereof; and 

the rotor is centered by the center piece. 

[CLAIM 6] The drive train for a hybrid vehicle according to one of claims 

1-5 further comprising: 

a flex plate arranged between the output shaft of the engine and the 

rotor to transmit driving force; 

an extending portion of the flex plate extended to a radially outer 

side of the stator of the motor; and 

a sensor for detecting a phase of the rotor of the motor; wherein: 
the sensor is arranged on a radially outer side of the motor and detects 

the extending portion of the flex plate. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] 

The invention relates to a drive train connecting an engine and a motor 
in a vehicle, and more specifically to a hybrid vehicle drive train having 
a motor integrated with an automatic transmission or a manual transmission 
into a single unit. 
[0002 ] 
[PRIOR ART] 

Japanese Patent Application No. HEI 9-215270, Japanese Patent 
Application No. HEI 9-23846 and Japanese Patent Application No . HEI 5-30605 
all disclose parallel type hybrid vehicle drive trains . This type of hybrid 
vehicle drive train is provided with an engine and a motor/generator in 
a transmission. Driving forces of the engine and the motor/generator are 
transmitted to the transmission during start and acceleration of the vehicle . 
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The motor/generator also functions as a generator to assist the engine 
brake effect when driving down a hill and also regenerates braking energy, 
thereby improving gas mileage and reducing the amount of discharged exhaust 
gas . 

[0003] 

[PROBREMS TO BE SOLVED BY THE INVENTION] 

In the drive trains disclosed by HE I 9-215270 and HEI 9-23846, a 
motor/generator is arranged between an engine and a transmission. Therefore, 
the axial dimension of the drive train increases by the axial length of 
the motor/generator, and then the size of the drive train increases. 
[0004] 

In the drive train disclosed by HEI 9-2152 70, a rotor of the 
motor /generator is rotatably supported by a fixed member, e.g. , a housing 
or the like . In this case , the fixed member needs to be extensionally arranged 
nearby the rotor. Therefore, the axial dimension of the drive train increases , 
and then the size of the drive train increases . 
[0005] 

Another method such as directly supporting the rotor by a crankshaft 
of the engine without the fixed member can be considered. In this case, 
the crankshaft is rotatably supported by plural supporting portions, and 
the mass of the rotor connecting to the crankshaft is mainly supported 
by a supporting portion which is nearest to the rotor among the plural 
supporting portions. The nearest supporting portion and the center of 
gravity of the rotor offset in the axial direction. Therefore, in case 
that the rotor is arranged on the crankshaft in overhanging state, the 
mass of the rotor must be supported by -longer distance than the supporting . 
portion. As a result, overstress is provided to the crankshaft and the 
plural supporting portions thereof, and also affects the engine adversely. 
[0006] 

In case that the mass of the rotor must be supported by longer distance 
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than the supporting portion as mentioned above, the rotor tends to rotate 
eccentrically. Further, the rotor is directly supported by the crankshaft 
of . the engine. Therefore, when the crankshaft rotates eccentrically by 
the explosion vibrations of the engine, the rotor tends to rotate 
eccentrically by the effect. To avoid contacting the rotor with a stator 
when the rotor rotates eccentrically, the greater gap between the rotor 
and the stator must be provided . As a result , the size of the motor/generator 
increases, and the efficiency of the motor/generator decreases. 
[0007] 

In the drive train disclosed by HEI 5-30605, a motor/generator is 
arranged so as to bypass between a pump impeller and a turbine runner of 
a torque converter . A rotor of the motor /generator is supported by a converter 
cover. In this structure, when the converter cover is deformed by charge 
pressure or centrifugal pressure, the centering accuracy of the rotor 
decreases . 
[0008] 

Accordingly, an object of the invention is to provide a hybrid vehicle 
drive train which prevents the axial dimension of the drive train from 
increasing and the size of the drive train from increasing. 
[0009] 

[SOLUTIONS TO THE PROBLEMS] 

To achieve the foregoing object, the invention provides a drive train 
for a hybrid vehicle including an engine (13), a motor (6) having a stator 
(42) and a rotor (43) and a transmission (Dl) transmitted a driving force 
from the engine (13) and the motor (6), wherein the rotor (43) is supported 
by an output shaft (52) of the. engine (13) and an input member (30) of 
the transmission (Dl). 
[0010] 

It is effective that the rotor (43) has a shaft portion (45a) on a 
rotational center thereof, and the shaft portion (45a) of the rotor (43) 
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is supported by the output shaft (52) of the engine (13) based on that 
the shaft portion (45a) is contacted with the output shaft (52) in an axially 
narrow area thereof. 
[0011] 

It is effective that an aperture portion (52a) is formed in an end 
portion of the output shaft (52) of the engine (13), and a convex portion 

(46) is formed in the axially narrow area on a radial outer surface of 
the shaft portion (45a) of the rotor (43), wherein the shaft portion (45a) 
of the rotor (43) is supported by the output shaft (52) based on that the 
shaft portion (45a) is inserted into the aperture portion (52a) and the 
convex portion (46) thereof is contacted with the output shaft (52). 

[0012 ] 

It is effective that the transmission (Dl) has a fluid transmission 
unit (5) having a turbine runner (16), a pump impeller (17) and a cover 

(30) as the input member which is arranged so as to cover the turbine runner 
( 16 ) and the pump impeller ( 17 ) , and the rotor ( 43 ) is supported by a portion 
(30a) of the cover (30) opposed to the rotor (43) on a radially outer side 
of the cover (30). 

[0013] 

It is effective that the fluid transmission unit (5) has a center piece 

(31) on a rotational center thereof, and the rotor (43) is centered by 
the center piece (31). 

[0014] 

It is effective that a flex plate (51, 55) is arranged between the 
output shaft (52) of the engine (13) and the rotor (43) to transmit driving 
force, an extending portion (51a, 51b) of the flex plate (51, 55) is extended 
to a radially outer side of the stator (42) of the motor (6), and a sensor 

(47) detects a phase of the rotor (43) of the motor (6), wherein the sensor 
(47) is arranged on a radially outer side of the motor (6) and detects 
the extending portion (51a, 51b) of the flex plate (51, 55). 
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[0015] 

[OPERATION OF THE INVENTION] 

According to the structures of claim 1, the rotor (43) is rotated in 
state of that supported by the output shaft (52) of the engine (13) and 
the input member (30) of the transmission (Dl). 
[0016] 

According to the structures of claim 2, the shaft portion (45a) of 
the rotor (43) is only contacted with the output shaft (52) of the engine 
(13) in the axially narrow area thereof. Therefore, even if the output 
shaft (52) is eccentrically rotated by the explosion vibrations of the 
engine (13), only the contacting position moves and the transmission of 
the eccentric rotation from the output shaft (52) to the shaft portion 
(45a) of the rotor (43) can be decreased. 
[0017 ] 

The numerals within the brackets are provided for contrasting with 
figures and do not affect to the structures of the invention. 
[0018] 

[EFFECTS OF THE INVENTION] 

According to the structures of claim 1, the rotor is supported by the 
output shaft of the engine and the input member of the tr ansmis s ion . Therefore , 
a fixed member for ratationaly supporting the rotor is not necessary so 
that the axial dimension of the drive train can be reduced, thereby the 
size of the drive train can be reduced. 
[0019] 

According to the structures of claim 2, the shaft portion of the rotor 
is relatively movably supported by . the output shaft of the engine based 
on that the rotor is contacted with the output shaft in the axially narrow 
area thereof. Therefore, the transmission of the explosion vibrations of 
the engine to the rotor can be reduced. According to this effect, the gap 
between the rotor and the stator can be reduced so that the efficiency 
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as a motor can be increased. 
[0020] 

According to the structures of the claim 3, the aperture portion is 
formed in the end portion of the output shaft of the engine. The convex 
portion is formed in the axially narrow area on the radial outer surface 
of the shaft portion of the rotor . The shaft portion of the rotor is supported 
by the output shaft based on that the shaft portion is inserted into the 
aperture portion and the convex portion thereof is contacted with the output 
shaft . Therefore, the transmission of the explosion vibrations of the engine 
to the rotor can be reduced so that the efficiency as a motor can be increased . 
[0021] 

According to the structures of the claim 4, the rotor is supported 
by the portion of the cover opposed to the rotor on the radially outer 
side of the cover. The deform degree by hydraulic pressure on the radially 
outer side of the cover is smaller than that in the rotational center portion 
(the radially inner side) thereof. Therefore, even if the cover is deformed 
by hydraulic pressure, the centering accuracy of the rotor can be prevented 
from decrease. 
[0022 ] 

According to the structures of the claim 5, the centering accuracy 
of the rotor can be increased. 
[0023] 

According to the structures of the claim 6, the sensor for detecting 
the phase of the rotor of the motor is arranged on the radially outer side 
of the motor and detects the extending portion of the flex plate. Therefore, 
the sensor can be sufficiently supported directly by an end portion of 
a fixed member , e.g., the motor housing or the like so that the axial dimension 
of the gear train can be reduced. Also, in case that the phase of the rotor 
of the motor is detected by using the flex plate, the phase can be detected 
without locating new member detected by the sensor. 
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[0024] 

[ENBODIMENT OF THE INVENTION] 

The embodiment of the invention will be described with reference to 
figures, 
[0025] 

Fig . 1 is a cross-sectional view of a hybrid vehicle drive train according 
to one embodiment of the invention. Fig. 2 shows main portions of the hybrid 
vehicle drive train. 
[0026] 

As shown in Figs. 1 and 2, the hybrid vehicle drive train 1 is a hybrid 
vehicle drive train having a motor /generator 6 which is connected to a 
torque converter of a conventional automatic transmission A/T. The hybrid 
vehicle drive train includes an internal combustion engine 13, e.g., a 
gasoline engine, the motor/generator 6, e.g. , a brushless DC motor or the 
like which is housed in a motor housing 15 and the automatic transmission 
Dl which is transmitted a power from the engine 13 and the motor /generator 
6. That is, the hybrid vehicle drive train 1 in which the motor/generator 
6 and the automatic transmission Dl are sequentially arranged from the 
engine side. 
[0027] 

A crankshaft (output shaft) 52 is connected from the engine 13 to the 
motor/generator 6. A flexible drive plate 55 is fixed with bolt 53 to the 
end portion of the crankshaft 52 . A flexible input plate 5 1 , which is arranged 
at the opposite side of the drive plate 55, is fixed with bolt 56 to the 
end portion of the drive plate 55. These plates structure a flex plate 
51, 55. The end portion of the crankshaft 52 of the engine 13 includes 
an aperture (bore) portion 52a. A detail of the aperture portion will be 
described later. 
[0028] 

The motor/generator 6 has a stator 42 and a rotor 43. The rotor 43 
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is structured of multiple laminated plates 4 3a, each of which is a permanent 
magnet, and a supporting plate 45 which fixes to and supports the laminated 
plates 43a. The supporting plate 45 includes a pipe-like shaft portion 
45a which is arranged at the rotational center of the supporting plate 
45, a disc portion 45b which is connected to the shaft portion 45a and 
arranged along the drive plate 55 and a cylindrical retention portion 45c 
which is connected to the outer end portion of the disc portion 45b. The 
retention portion 45c retains the laminated plates 43a aligned in the axial 
direction. As shown in Fig. 2, an annular convex portion 46 is formed in 
a zonary and axially narrow area on an outer surface of the end portion 
of the shaft portion 45a. The shaft portion 45a is inserted in the aperture 
portion 52a of the crankshaft 52, and relatively movably supported with 
crankshaft 52 by contacting the convex portion 4 6 with an inner surface 
of the aperture portion 52a of the crankshaft 52. Therefore, the shaft 
portion 45a can be centered when the motor housing 15 is appropriately 
aligned. 
[0029] 

In Figs.l and 2, while the aperture portion 52a is formed on the 
crankshaft 52 side and the shaft portion 45a of the rotor 43 is inserted 
in the aperture portion 52a, the structure does not need to be limited. 
It case that the shaft portion 45a of the rotor 43 is relatively movably 
supported with the crankshaft 52 of the engine in the axially narrow area 
by contacting the shaft portion 45a with the crankshaft 52, it is effective 
that an aperture portion is formed on the shaft portion 4 5a of the rotor 
43 and the crankshaft 52 is inserted in the aperture portion. 

[0030] 

The inner side of the input plate 51 is fixed with bolt 54 to the disk 
portion 45b. The flex plate 51, 55 including the input plate 51 and the 
drive plate 55 is arranged between the crankshaft 52 of the engine and 
the rotor 43, and structured so as to transmit the power. 
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[0031] 

Further, a plurality of magnet cores 42a, which is fixed to the motor 
housing 15, and the laminated plates 43a oppose each other with a slight 
gap therebetween* The stator 42 is structured of the magnet cores 42a 
surrounded by a coil 42a. The stator 42 is made as large as possible without 
lowering the minimum bottom height of the vehicle to improve polarity and 
ensure a predetermined output. The laminated plates 43a of the rotor 43 
must have strength sufficient to withstand centrifugal force. 
[0032] 

A part of the flex plate 51, 55 is extended to the radially outer side 
of the stator 42 of the motor /generator 6. A sensor 4 7 is arranged so as 
to axially overlap the motor/generator 6 on the radially outer side of 
the motor /generator , i.e., opposed to the flex plate 51, 55. The sensor 
47 detects the phase of the rotor 43 of the motor/generator 6 by detecting 
the extending portion of the flex plate 51, 55. The sensor 47 is arranged 
to face to the radially outward on the end of the engine side of the motor 
housing 15 . A detecting portion 47a of the sensor 47 is arranged on a concave 
portion C which is formed at an outer diameter projection 15a of the motor 
housing 15. The input plate 51 integrally connecting to the disk portion 
45b of the rotor 43 is extended in the radial outward direction, and bent 
to cover the radially outer side of one coil 42b of the stator 42 at the 
end portion thereof. The radially outward portion of the input plate 51 
and a plate 51b, which is integrally welded to the radially outward portion 
of the input plate 51, structure a detectable portion detected by the 
detecting portion 47a. The sensor 47 correctly detects the rotational 
position of the rotor 4 3 and controls the timing of the current flowing 
to the stator 42 . According to the embodiment as described above, the hybrid 
vehicle drive train detects the rotational position of the rotor 43 by 
the sensor 47 and can ensure the enough performance of the motor /generator 
6. Further, when the vehicle starts, the reverse rotation of the rotor 
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4 3 can be certainly prevented, and since a particular space does not need 
to arrange the sensor 47, the increasing of the length of the drive train 
can be prevented, 
[0033] 

The automatic transmission Dl, e.g., front engine front drive type 
transmission, includes a torque converter 5 as a fluid transmission unit 
and a multiple shift mechanism 2 . The multiple shift mechanism 2 includes 
a main shift mechanism 7 arranged on an input shaft 10, a sub shift mechanism 
9 arranged on a counter shaft 8 and a differential unit 11 arranged on 
a front axle. The input shaft 10 and the counter shaft are arranged in 
parallel with each other. The automatic transmission Dl is contained in 
a dividable integral transmission case 4. 
[0034] 

As shown in Fig. 2, the torque converter 5 is contained in a converter 
housing 12 and includes a lock-up clutch 3, a turbine runner 16, a pump 
impeller 17, a stator 19 and a front cover 30, as an input member of the 
shift mechanism, which covers the lock-up clutch 3 and the turbine runner 
16. A center piece 31 is fixed to the rotational center portion of the 
front cover 30 on outer side thereof, and a lock-up piston hub 33 is fixed 
to the rotational center portion of the front cover 30 on inner side thereof . 
[0035] 

The front cover 30 includes an inner diameter section 30a, a center 
section 30b and an outer diameter section 30c. The inner diameter section, 
which shapes disk-like, is arranged to conform to the disk portion 45b 
of the rotor 43. The center section 30b, which shapes cylindrically , is 
connected to the outer end portion of the inner -diameter section 30a and 
arranged to conform to the retention portion 45c . The outer diameter section 
30c, which is fixed to the pump impeller 17, is connected to the center 
section 30c and arranged to conform to the shape of the turbine runner 
16. The stator 42 and the rotor 43 are arranged substantially radially 
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aligned with and radially outward of the center section 30b of the front 
cover 30. 
[0036] 

The center piece 31 is axially relatively movably inserted into the 
shaft portion 45a of the rotor 43, and centers the rotor 43 to the torque 
converter 5. An outer shell of the torque converter 5, i.e., the front 
cover 30, is deformed by change of the centrifugal hydraulic pressure and 
charge hydraulic pressure , and especially greater amount of the deformation 
occurs in the axial direction of the rotational center portion thereof. 
Therefore, the center piece 31 moves in the axial direction. While the 
center piece 31 moves in the axial direction, it does not affect the 
supporting accuracy of the rotor 43 since the center piece 31 is relatively 
movably supported by the shaft portion 45a of the rotor 43. 
[0037] 

The rotor 43 is fixed to the inner diameter section 30a of the front 
cover 30. Namely, the disk portion 45b of the rotor 43 is fixed with bolts 
34a and nuts 34b to the inner section 30a of the front cover 30, which 
opposes to the disk portion 4 5b, on radially outer side of the front cover 
30. Therefore, as described above, since the deformation of the torque 
converter 5 occurs greater at the rotational center portion thereof and 
smaller on radially outward side of the front cover 30 , the affection based 
on the deformation of the torque converter 5 to the supporting accuracy 
of the rotor 43, which is fixed on radially outer side of the front cover 
30, is small. 
[0038] 

As shown in Fig. 2, a lock-up piston, hub 33 is cylindrically formed 
and arranged to surround the input shaft 10 . An oil seal is arranged between 
the lock-up piston hub 33 and the input shaft 10. 
[0039] 

As described above, while the rotor 43 is relatively movably supported 
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by the crankshaft 52, the rotor 43 is regulated to reduce the movement 
in the axial direction by the flex plate including the drive plate 55 and 
the input plate 51. 
[0040] 

Since the crankshaft 52 and the shaft portion 45a of the rotor 43 contact 
only at the narrow convex portion 46 with each other, even if the crankshaft 
52 eccentrically rotates by the explosion vibrations of the engine, only 
the contacting position of both moves. Therefore, the transmission of the 
eccentric rotation from the crankshaft 52 side to the shaft portion 45a 
side of the rotor 43 can be reduced. 
[0041] 

The lock-up clutch 3 is arranged radially inward of the center section 
30b of the front cover 30 and includes a drum 32 which is fixed to the 
inner diameter section 30a of the front cover 30 and which is coaxial with 
the center section 30b. Splines are formed on inner surface of the drum 
32 in the axial direction and support a plurality of outer f rictional plates 
37 which are retained by a snap ring 39 . A piston plate 40 is closely movably 
arranged between inner surface of the drum 32 and outer surface of the 
lock-up piston hub 33. A hub 2 0 engages with splines of the input shaft 
10 near by the lock-up piston hub 33 and supports a hub 35. The hub 35 
is extended to the position which opposes to the drum 32, and the surface, 
which opposes to the drum 32, of the hub 35 engages a plurality of inner 
f rictional plates 36 with splines. That is, the outer f rictional plates 
37 and the inner f rictional plates structure a multiple disk clutch. 
[0042] 

The piston plate 40 has orifices formed therein so that hydraulic 
pressure can flow between oil chambers on opposing sides of the piston 
plate 40 while being throttled. The piston plate 40 is moved by changing 
the direction of oil flow, and engagement , release and slip of the f rictional 
plates 36, 37 can be controlled by controlling press pressure applied to 
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the outer frictional plates 37 of the piston plate 40. 
[0043] 

The lock-up clutch 3 has a diameter smaller than that of the torus 
which constitutes the outer shell of the turbine runner 16 and the pump 
impeller 17 of the torque converter 5, Specifically, the lock-up clutch 
3 is arranged such that the drum 32 is positioned in substantially the 
radial center of the torus. 
[0044] 

While the lock-up clutch 3 has a diameter as small as to be contained 
in the inside of the motor/generator 6, the lock-up clutch is the multiple 
disk clutch. Therefore, when both of the motor /generator 6 and the engine 
13 are in the driving state, the lock-up clutch 3 certainly transmits those 
powers to the input shaft 10. 
[0045] 

The turbine runner 16 is connected to the hub 2 0 and integrally rotates 
with the input shaft 10. 
[0046] 

The pump impeller 17 is fixed to the outer diameter portion 30c of 
the front cover, and the radial inner portion thereof is fixed to a hub 
17a. 

[0047] 

A sleeve is arranged between the hub 17a and the input shaft 10 to 
surround the input shaft 10. An inner cage of a one-way clutch 26 is fixed 
on the end portion of the sleeve 27. The one-way clutch is connected to 
the stator 19 . 

[0048] ... . 

An oil pump 22 is arranged between the torque converter 5 and the multiple 
shift mechanism 2. The hub 17a is rotatably supported via a bush 23 on 
the inner surface of a pump case 22a. That is, the disk portion 45b of 
the rotor 43 is supported via the bolts 34a, the nuts 34b, the front cover 
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30 and the hub 17a by the pump case 22a. The span between two supporting 
places of the rotor 43, i.e., the supporting places by the crankshaft 52 
and by the pump case 2 2a, can be ensured larger so that even if the crank 
shaft 52 eccentrically rotates, the vibrating angle of the disk portion 
45b of the rotor 43 is small. As a result, the gap between the rotor 43 
and the stator 42 can reduce so that the efficiency as the motor/generator 
can increase. Further, an oil seal 2 5 is arranged between the pump case 
22a and the hub 17a. The sleeve 27 is extended from the oil pump 22. 
[0049] 

Next, operation of the hybrid vehicle drive train 1 will be described. 
[0050] 

With the vehicle stopped, when the ignition switch (not shown) ON and 
the driver depresses the accelerator pedal (with low throttle opening), 
current flows from the battery (not shown) to the motor /generator 6 which 
functions as a motor. That is, when a controller (not shown) flows the 
current with the appropriate timing to the coil 42b of the stator 42 based 
on the signal from the sensor 47 (the position of the rotor 43) , the rotor 
4 3 rotates in a forward direction with high efficiency. The rotational 
power of the rotor 4 3 is transmitted to the torque converter 5 via the 
supporting plate 45, bolts 34a and nuts 34b. Furthermore, the rotational 
power is transmitted to the input shaft 10 after increasing in a predetermined 
torque ratio in the torque converter 5 . 
[0051] 

When the vehicle starts in motion, a fuel injection system of the engine 
13 is stopped and the engine 13 is off. The vehicle starts in motion under 
driving force of the motor /generator 6 only. As described above, the 
supporting plate 45 is rotated so that the crankshaft 52 is rotated via 
the input plate 51 and drive plate 55. As a result, pistons of the engine 
13 make a reciprocating motion with compressing and releasing air in cylinder 
chambers. Here, the motor/generator 6 has drive characteristics which the 
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motor/generator 6 outputs high torque at low speeds, and the further torque 
ratio increase of ( the torque converter 5 combines with the high torque 
ratio in the first speed of the automatic transmission unit. As a result, 
the vehicle starts in motion and runs smoothly at a predetermined torque, 
[0052] 

Then, with the vehicle moving at a relatively low speed immediately 
after starting, when the throttle is depressed to an extent equal to or 
greater than a set opening to accelerate or to climb hills , the fuel injection 
system activates, and the motor/generator 6 functions as a starter motor 
and a spark plug is ignited to start the engine 13 . As a result , the crankshaft 
52 rotates and the rotational driving force thereof is transmitted to the 
supporting plate 45 via the drive plate 5 5 and the input plate 51. The 
driving force of the engine 13 and the driving force of the motor/generator 
6 functioning as a motor are combined and transmitted to the torque converter 
5 so that the vehicle runs with a large amount of the driving force. In 
this time, the multiple shift mechanism 2 shifts up to transmit the rotation 
to the driving wheels at the desired speed. 
[0053] 

Then, when the vehicle is constantly running at high speed, the 
motor /generator 6 is operated under no load (the motor output is controlled 
so as to cancel out torque generated from reverse power generated by the 
motor) such that the motor/generator 6 slips. As a result, the vehicle 
runs under driving force of the engine 13 only. 
[0054 ] 

In case that the state of charge (SOC) of the battery is small, the 
motor /generator 6 functions as a generator to regenerate energy. When 
driving with the internal combustion engine 13 or when the internal 
combustion engine 13 is assisted by the motor, the piston plate 40 moves 
according to a change in the direction of the converter pressure so as 
to engage the multiple plates clutch (the outer frictional plates 37 and 
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the inner frictional plates 36). Accordingly, the torque transmitted to 
the front cover 30 is then transmitted directly to the input shaft 10 via 
the drum 32, the outer frictional plates 37, the inner frictional plates 
36, the hub 35, the dumper springs 38 and the turbine hub 20, by-passing 
the hydraulic connection through the torque converter 5 . 
[0055] 

When there is excess output from the internal combustion engine 13 
because of constant low speed of downhill running or the like, the 
motor/generator 6 functions as a generator and charges the battery depending 
on the SOC of the battery. Specifically, when the engine brake operates 
downhill running, the regenerated power from the motor /generator 6 which 
is functioning as a generator increases so that a sufficient braking effect 
is provided. Also, when the driver depresses the foot brake to reduce speed 
of the vehicle, the regenerated power from the motor/generator 6 further 
increases, and the motor /generator 6 operates as a regenerative brake, 
regenerating the inertia energy of the vehicle as electrical power and 
decreasing brake power occurred by the frictional brake so that decreasing 
the energy dissipation as heat. Also, when the vehicle is running at middle 
speed, the motor /generator 6 is in the regenerative state to drive the 
engine 13 in high output and high efficiency area. As a result, the engine 
efficiency can increase and the vehicle running under the motor can increase 
based on charging of the battery by the regeneration so that the energy 
efficiency can increase. 
[0056 ] 

Then, when the vehicle is stopped at a traffic light or the like, the 
motor/generator 6 is stopped and the -fuel injection system is off so that 
the internal combustion engine 13 is also stopped. That is, the idling 
of the conventional engine is eliminated. Also, when the vehicle takes 
off from a stand-still, the vehicle is initially started only by the motor 
driving force of the motor /generator 6. Immediately thereafter, while at 
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a relatively low speed, the engine is started by the motor driving force. 
Assist from the motor driving force of the motor/generator 6 eliminates 
sudden fluctuations in driving force of the engine , thereby making operation 
smooth. Then, when engine braking is necessary or when braking to a stop, 
the motor /generator 6 functions as a regenerative brake, regenerating 
vehicle inertia energy as electrical energy. Also, when the engine 
efficiency is low, i.e., when the engine operates under low load or extremely 
low load, the vehicle is running under the motor. With this combination, 
the hybrid vehicle is able to achieve low fuel consumption and a decrease 
in exhaust gas . 
[0057] 

In the foregoing embodiment, FF (front engine/front wheel drive) type 
automatic transmission Dl is illustrated as an example according to the 
invention. However, the invention is not limited to such FF type automatic 
transmission and may also be applied to such as FR (front engine/front 
wheel drive) type automatic transmission and CVT type automatic 
transmission. Further, the invention may also be applied to a manual 
transmission D2 as shown in Fig. 4. 
[0058] 

Next, the effect of this embodiment will be described. 
[0059] 

In this embodiment, the motor/generator 6 including the stator 42 and 
the rotor 4 3 is arranged on the radially outer side of the torque converter 
5 (accurately, on the radially outer side of the center section 30b of 
the front cover 30) so as to overlap with the torque converter 5 in the 
axial direction. Therefore, compared . with another drive train which 
arranges not to overlap a motor /generator with a torque converter, the 
axial dimension can be reduced and the size of the drive train can be reduced . 
[0060] 

Also, in this embodiment, a fixed member for rotationally supporting 
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the rotor 4 3 is not necessary so that the axial dimension of the drive 
train can be reduced and the size of the drive train can be reduced. 
[0061] 

In the internal combustion engine 13, the pistons are reciprocated 
by the force of explosion within the cylinder chamber, thus rotating the 
crankshaft. As a result, the crankshaft tends to eccentrically rotate. 
However, the crankshaft 52 and the supporting plate 45 is connected with 
each other via the input plate 51 and the drive plate 55 etc so that the 
eccentric rotation is absorbed by bending of these plates 51, 55. Also, 
the shaft portion 45a of the supporting plate 45 is only contacted the 
narrow annular convex portion 46 thereof with the crankshaft 52 . Therefore, 
with this combination, the transmission of the explosion vibrations of 
the internal combustion engine 13 to the supporting plate 4 5 can be reduced. 
According to this effect, the gap between the rotor 43 and the stator 42 
can be reduced so that the efficiency as a motor/generator can be increased. 
[0062 ] 

The disk portion 45b of the rotor 43 is fixed to the inner diameter 
section 30a of the front cover 30 opposed to the disk portion 4 5b on the 
radially outer side of the front cover 30. The rotor 43 is centered by 
the center piece 31 which is movable in the axial direction. Therefore, 
with this combination, even if the front cover 30 is deformed by hydraulic 
pressure provided to a converter chamber B, the centering accuracy of the 
rotor 43 can be prevented from decrease. 
[0063] 

In this embodiment, hydraulic pressure, i.e., charge pressure or 
centrifugal pressure, is acted into -the converter chamber B formed with 
the outer shell of the front cover 30 and the pump impeller 17. However, 
the front cover 30 has the center section 30b which is stepwise and extends 
in the axial direction so as to be hard, thereby being difficult to deform. 
[0064] 
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In this embodiment, the sensor 47, which detects the phase of the rotor 
43, is arranged on the radially outer side of the motor /generator 6 and 
detects the extending portion of the flex plate 51, 55, Therefore, the 
sensor 47 can be sufficiently supported directly by an end portion of a 
fixed member, e.g., the motor housing 15 or the like. A fixed member for 
supporting the sensor 47 is not necessary to be arranged along to the flex 
plate 51, 55 or the rotor 43 so that the axial dimension of the unit can 
be reduced. Also, in case that the phase of the rotor 43 of the motor/generator 
6 is detected by using the flex plate 51, 55, the phase can be detected 
without locating new member detected by the sensor 47. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[FIG. 1] 

A cross-sectional view of an embodiment of a hybrid vehicle drive train 
according to the invention. 
[FIG. 2] 

A cross-sectional view of a torque converter and a motor /generator 
of the embodiment of Fig.l. 
[FIG. 3] 

A diagram of an embodiment of a drive train having a manual transmission 
according to the invention. 
[DESCRIPTION OF REFERENCE NUMERALS] 

1 Hybrid vehicle drive train 

2 Multiple shift mechanism 

3 Lock-up clutch 

5 Fluid transmission unit (torque converter) 

6 Motor ( motor /generator) 

13 Internal combustion engine 

16 Turbine runner 

17 Pump impeller 
30 Front cover 
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31 Center piece 

42 Stator 

43 Rotor 

45 Supporting plate 

45a Shaft portion of the rotor 

47 Sensor 

51 Flex plate (input plate) 

52 Output shaft (crankshaft) 

52a Aperture portion (bore portion) 

55 Flex plate (drive plate) 

Dl Transmission (automatic transmission) 

D2 Transmission (manual transmission) 
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[ DOCUMENT NAME] ABSTRUCT 
[ABSTRUCT] 

[OBJECT] To reduce an axial dimension of a drive train for a hybrid vehicle, 
and to reduce a size of the drive train. 

[ARRANGEMENT FOR ATTAINING THE OBJECT ] A rotor 43 is supported by an aperture 
portion 52a formed in a crankshaft 52 and a front cover 30 of a torque 
converter 5. As a result, compared with another drive train which arranges 
a fixed member from a motor housing so as to support a rotor, the axial 
dimension of the drive train can be reduced and the si2e of the drive train 
can be reduced, 
[SELECTED FIGURE] 
FIG . 2 
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